Household Pets and Zoonoses

Summary
• In addition to dogs and cats, the popularity of exotic animals, such as geckos, bearded dragons, and African Dwarf Frogs is increasing; the greatest increase is ownership among children. It is estimated that approximately 75% of emerging infectious diseases are zoonotic. 1, 2 The implications of these two trends are of concern to the public health community.
• A review was conducted of household pet zoonoses, comprising: o a scan of provincial and territorial public health agencies in Canada for policies and protocols on household pet zoonoses;
o trends in pet ownership as well as risks of disease transmission, burden of illness, and current public health practices pertaining to pet zoonoses; o policy and intervention gaps, as well as future opportunities for research and collaboration by the public health and veterinary community.
• Pets remain a primary source of numerous reportable and non-reportable diseases:
o Outbreaks include: salmonellosis, tularaemia, cutaneous larvae migrans, and Human Lymphocytic Chorimeningitis Virus (HLCV) infections.
o Household pets, such as cats, dogs, turtles, ornamental fish, baby chicks, gerbils, frogs, and lizards have been associated with outbreaks of zoonotic diseases in the United States and Canada.
o Pet treats and pet foods, such as frozen rodents, raw-hide pet treats, and raw food diets have been cited as potential sources of zoonotic diseases.
o Children under 5 years of age and immunocompromised individuals have ben noted as the highest risk groups for acquiring pet zoonoses. Risk settings for the transmission of pet zoonotic diseases included: daycare, elementary and secondary school, university, acute care hospital, summer camp for children, veterinary hospital, and the home.
o Improper handling of pets and improper hand hygiene have been identified as primary risk factors for the majority of pet-associated infections, e.g., disposing pet waste and water in kitchen sinks.
o Failure to screen organ donors has been cited as the risk factor for a 2005 outbreak of HLCV. Numerous surveillance, regulatory, knowledge and research gaps were noted during the course of this research.
Introduction
Pet zoonoses are an emerging public health issue, especially as pet ownership increases and pet definitions expand to include new and exotic animals. There are many companionship and psychological benefits to human contact with pets; however, pets are known reservoirs of zoonotic diseases. Many pet owners are often unaware of the risks their pets may pose and, as a result, engage in husbandry and hygiene practices that increase the likelihood of acquiring diseases.
Global travel, animal trade, population growth, urbanization, climate change, antibiotics, pesticides, increased pet populations, and greater animal product usages have been cited as contributing factors to the emergence and re-emergence of zoonoses. [1] [2] [3] [4] Recent zoonotic outbreaks have helped to highlight many additional risk factors related to pets, such as poor animal husbandry, poor hygiene, and sanitation precautions.
This document provides an overview of the incidence of pet zoonoses, including: transmission, risk factors, population at risk, high risk settings, and pet ownership trends. Also provided is an analysis of the activities of public health agencies and their partners in tracking and mitigating the impact of pet zoonoses. The conclusion provides recommendations to improve these practices.
Risk Factors for Transmission
The risk of infection in humans can be difficult to predict, based solely on the pets' clinical presentation. It is common for a household pet to carry a zoonotic disease and be asymptomatic or demonstrate non-specific symptoms. [13] [14] [15] For example, a dog that is positive for Salmonella may not present with clinical illness. However, these animals may contaminate the surrounding environment through intermittent fecal shedding.
Improper handling of pets, along with improper hand hygiene, was identified as the primary risk factor for the majority of pet-associated infections (Table 4) . In numerous outbreaks, disposing pet waste and water in kitchen sinks was consistently identified as a cause of human infection (Table 4) , representing an additional source of bacterial exposure for food and kitchen surfaces. This was noted particularly for outbreaks involving pet turtles. Failure to wash hands after handling pets and before eating was also repeatedly identified (Table 4) .
Sleeping with pets and allowing kissing and licking are activities that increase the risk and opportunity for disease transmission; noted among children who handled turtles. An estimated 14% to 62% of pet owners allow their dogs and cats into their beds. 16 Several outbreaks involved cases where owners reported directly kissing their pets and inserting smaller pets into their mouth (Table 4 ).
In 2005, four cases of HLCV occurred as a result of organ transplants from an infected donor, who acquired the illness from a pet rodent; three of the organ recipients died due to acquiring this virus. With organ and tissue donors, inadequate screening for pet exposure history was identified as a risk factor for the transmission of this disease.
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Other risk factors, identified for the transmission of zoonoses, include feeding pets raw food diets and pet treats made from animal parts. [18] [19] [20] Animal-assisted interventions (AAI) in longterm care and other health care facilities have also been identified as a risk factor for pets acquiring diseases from, and introducing infectious agents to, hospitalized patients. 18, 21, 22 Clostridium difficile, the most commonly diagnosed cause of antimicrobial-and hospitalassociated diarrhoea, and methicillin-resistant Staphylococcus aureus (MRSA), considered the leading cause of hospital-associated infections, can be transmitted through contact with AAI dogs.
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Population at Risk
In a matched case control study conducted with Michigan children, there was an association between salmonellosis in the children and contact with reptiles and cats. 23 Population-based case control studies conducted in the U.S., looking at the relationship between reptiles, amphibians, and human salmonellosis, led to the estimation that approximately 6% of the 1.4 million cases of the salmonellosis cases occurring in the U.S. each year are acquired from pet reptiles, with 11% of these cases being less than 21 years of age. 25 Children less than 5 years of age, immunocompromised individuals, 2, 14, 23, 24, [26] [27] [28] [29] [30] the elderly, 27, 28 and pregnant women 28 have been identified as being at the greatest risk of acquiring zoonotic diseases. This was particularly notable for children exposed to reptiles 5,28 and baby chicks. 28 The risk among these various group increases with improper handling and husbandry practices and can be minimized if appropriate restrictions and practices are in place.
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Relevant to immunocompromised individuals, Toxoplasma gondii, Cryptosporidium spp., Salmonella spp., Campylobacter jejuni, Bartonella henselae, Giardia intestinalis, Bordetella bronchiseptica, and Capnocytophaga spp. have been identified as important pet zoonoses. 22 Immunocompromised people are often at a higher risk of zoonotic disease, may suffer more severe sequelae, endure symptoms for longer durations or experience more severe or unexpected complications than immunocompetent individuals.
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Risk Settings
Transmission of zoonotic diseases were reported in daycare settings, elementary and secondary schools, a university, an acute care hospital, summer camps for children, veterinary hospitals, and the home (Table 4) . During the monkeypox outbreak in 2003, transmission of the disease occurred in a home daycare and a veterinary hospital. Two of the monkeypox infected prairie dogs were also brought into two elementary schools; however, no confirmed cases were reported in these settings. 32, 33 Elementary and high school settings have been linked to other serious outbreaks involving reptiles, baby chicks, and owl fecal pellets. [34] [35] [36] Although no outbreaks involving long-term care homes 22 and healthcare settings were identified in this review, they have been identified as high-risk settings 19, 21 for both the acquisition and transmission of zoonotic diseases via pets used for visitation purposes. Currently, there are no screening requirements for therapy animals that may be exposed to long-term care homes before and during infectious disease outbreaks. 19 During the severe acute respiratory syndrome (SARS) outbreak in 2003 and the H1N1 pandemic in 2009, quarantine protocols were implemented for human cases, but pets and the role they can play in these outbreaks was not identified.
37,38
Current Practices Current Regulatory Practices in Canada
There are limited guidelines, protocol, and best practices documents pertaining to the management of pet zoonoses across Canada. An environmental scan was conducted for public health policies available at the provincial and national levels. Guidance documents on the management of household pets could not be found in any province. In some jurisdictions, there are guidelines or factsheets for specific diseases, such as avian chlamydiosis; however, there are no general guidelines tailored to the management of household pets. Guidelines on preventing pet-related zoonoses in schools, nurseries, long-term care, and group homes or other high-risk settings where at-risk groups live, work or play were either too general or contained outdated and inaccurate information.
Several non-governmental Canadian references, that provided specific information on pet zoonoses, are summarized in Table 5 . Table 6 provides a summary of non-Canadian guidance documents.
In Canada, approximately one-third of household-associated pet zoonoses are listed as notifiable, while the other two-thirds remain unreported (Tables 1,2,3 ). Most animal pathogens, for which surveillance programs exist, relate to farm animals with few to no programs specifically aimed at wildlife 1 or household pets, with the exception of rabies. 38 At the present time, many of the non-reportable vector-borne zoonoses are considered low risk to public health, although many are now considered to be re-emerging or emerging diseases. 4, 39 Routine public health investigations of infectious diseases typically exclude in-depth query regarding certain pets, such as fish or gerbils, that are perceived to be free of zoonotic pathogens.
Currently there is no central database in which positive cases of non-reportable and reportable infectious diseases are reported. In Canada, the Canadian Network for Public Health Intelligence links the Animal Health Laboratory to the Canadian Food Inspection Agency, facilitating the sharing of surveillance data pertaining to bovine spongiform encephalopathy (BSE) and avian influenza. Efforts are also underway to explore other options for the sharing of human and animal health data. 40 The Canadian Animal Health Surveillance Network is currently being developed to improve the capacity to detect and respond to emerging zoonoses and minimize public health risk.
Pets can be important sentinels for emerging infectious diseases. During the 2003 outbreak of West Nile Virus (WNV) in the U.S., the disease was first identified in animals one month prior to the report of the first human case.
1 Pets can also serve as potential vectors for emerging diseases. During the 2003 SARS outbreak, coronavirus was identified as an agent that was transmissible from civet cats to humans and to other feline species, 41 including the household cat. Yet, public health failed to conduct surveillance of these household pets for exposure to this virus. Emergent strains of the influenza H1N1 and H5N1 virus, along with the global H1N1 pandemic, have resulted in greater recognition of public health implications of emerging zoonotic diseases.
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Failure to enforce legislation pertaining to the sale of pets, such as the red-eared slider turtle, has been identified as a contributing factor to several outbreaks of salmonellosis involving these animals ( Table 4 ). Challenges to enforcement include the sale of pets via novel or nontraditional venues, such as the internet, souvenir shops, and flea markets (Table 4) .
Unregulated Sectors (current practices)
The sale of rodents for reptile feed, 36 canine raw food diets, 19 pet food diets, 43 and pet treats 44 is unregulated. During the 2008 outbreak of multi-drug resistant Salmonella Typhimurium in the UK, the investigation was hampered by the lack of international regulations pertaining to importation of frozen rodents, originating in the United States. 8 The Canadian Food Inspection Agency (CFIA) regulates pet food imports and related products, to prevent animal diseases from being introduced into Canada. Pet food, pet treats, and some pet chews are regulated under the Health of Animals Regulations. The recall of rodents used as pet feed do not fall within the mandate of the CFIA, the agency responsible for food recalls in Canada. Numerous regulatory gaps exist in the enforcement of legislation pertaining to the sale and distribution of pets, such as pet frogs and turtles. 45, 46 Regulations governing the manufacture and sale of commercial raw diets for companion animals do not exist. 18 The CFIA is not obligated to recall certain types of pet food products. During outbreak investigations, contaminated pet foods, such as pet treats and raw pet foods associated with confirmed cases of human illness, have been recalled on the basis of reported human illnesses and not on the grounds that these products are contaminated. Response to issues involving pet foods are done on a case-by-case basis and not in accordance with established protocols or policies.
Gaps and Recommendations
Numerous surveillance, regulatory, knowledge, and research gaps were noted during the course of this research.
Surveillance
Pet zoonoses are inadequately identified and managed by public health agencies at the local, provincial/territorial, and national levels, as many diseases of importance are not reportable and cases are inadequately screened for pet and pet food exposures. The inability to appropriately quantify the burden of illness associated with pet zoonoses will lead to ongoing categorization of this issue as a low priority.
Canada has a relatively robust surveillance system for reportable diseases, such as rabies and influenza A; information is collected and amalgamated. Similar mechanisms are needed for nonreportable diseases, as two-thirds of pet zoonoses fall into this category.
There is no active companion animal zoonotic disease surveillance or syndromic surveillance programs currently in practice by public health. Information pertaining to pets or pet ownership is not routinely collected by health care practitioners. This information, if collected, would help expedite diagnosis. All pets should be scrutinized, even if there is no previous history of disease transmission involving a particular pet. Although it is not possible to link laboratory results with a specific animal from a given herd, it would be possible for companion animal veterinary clinics to carry out this type of activity for household pets. Greater collaboration between health care practitioners and veterinarians will create a more integrated sentinel surveillance system for zoonotic disease. 47 Physicians, veterinarians, and public health care professionals are also uniquely positioned to actively collect information and laboratory results that can be analysed and interpreted to identify trends in companion animal zoonoses. This information can be used to educate the public on measures of how to prevent disease and promote health. 22, 29 This is a missed opportunity and is of particular significance for high-risk individuals. 22 It is not common practice for veterinarians to discuss or document the health status of the pet owner and how it could increase the risk of zoonotic infections.
Regulatory
Identification, management, and prevention of zoonotic disease outbreaks, such as those involving pet foods and treats, do not fall within the regulatory framework at national and international levels. Development and enforcement of legislation to govern this market could help minimize the risk of disease transmission and burden of illness on humans. Provincial quarantine legislation should include the quarantine of household pets during zoonotic disease outbreaks.
Public health policies are needed to minimize the risk of pet zoonoses; however, they must be balanced with the benefits of the human animal bond that has been proven to have its own health benefits. 19 The human-animal bond could strongly influence the public's willingness to abide by any new government regulations to prevent disease transmission.
Knowledge
Knowledge gaps have been identified with pet owners and pet distributors who do not understand the disease risks associated with these animals. 45, 46 Inadequate understanding among daycare staff, school teachers, and healthcare practitioners, pertaining to the screening and safe handling of pets and the risks of disease transmission, is also an identified knowledge gap. 23, 29, 33, 48, 49 Healthcare practitioners should be encouraged to provide a greater level of information and education to their patients, given the lack of public awareness of zoonoses associated with pets. This should also include collaboration with veterinarians who are well versed in zoonotic disease and comparative medicine.
5,47 Additionally, veterinarians should have some understanding of the health and well-being of a pet's owner and family members, to prevent or mitigate future potential health risks.
Partner agencies, key stakeholders, and any other interested parties of the pet zoonoses policy community should be invited to participate in a public health community of practice. This is a group of peers who share a concern, a set of problems or a passion for pet-zoonoses and public health. Human and animal health professionals have recognized the need to collaborate and adopt a One Health approach that identifies linkages that exist among human health, animal health, and ecosystem health domains.
5,47 One Health is a team approach that may lead to an improved understanding of pet-associated infections and may be an effective and efficient framework for health, to enhance clinical efforts and detect and prevent disease in humans. 
Research
There are few publications on pet zoonoses outbreak investigations in Canada. A number of factors may contribute to this, including litigation activities, staff turn-over, human resources issues, and other bureaucratic issues within various government agencies. The Canadian public health community should be encouraged to document and submit more journal articles, share the knowledge acquired, as well as inform each other of experiences. Emerging issues, such as sale of pets via the internet, international trade, recall effectiveness, and health impact of raw food diets for pets require further research.
Evidence-based information on pet zoonoses trends and risks should drive public health policy changes. A nationwide central database, collecting and sharing data on all zoonoses, would provide a better understanding of their incidence and prevalence. This knowledge would help develop risk management strategies in zoonotic disease prevention. Risk management procedures need to be developed for health care facilities and institutions, schools and nurseries, and the general public. Other groups, with whom this information should be shared, include humane societies, animal shelter facilities, grooming houses, and others that may serve as an interface between pets and pet owners. This knowledge also needs to be translated into policies and procedures at various levels of government.
Conclusion
As pet ownership continues to grow, pet owners and public health will continue to face the ongoing challenges of pet zoonoses. Preventive strategies must be put in place to ensure that the risk of these diseases, and their impact on the health of the public, are mitigated.
Consideration should be given to enhancing the surveillance of non-reportable diseases, as well as active surveillance of pets linked to confirmed cases of diseases. Regulators must address the current gaps that exist regarding the raw pet food industry. New strategies should be developed to monitor the sale and distribution of pets from non-traditional venues, such as flea markets and the internet. Public health agencies, as well as the pet industry, need to provide public information on handling of pets and risks of acquiring illness, particularly among children less than five years of age, the elderly, pregnant women, and the immunocompromised. Public health policies are also necessary, in a number of high-risk settings, to decrease the risks of disease transmission associated with pets. These settings include, but are not limited to, day nurseries, schools, and rehabilitation and long-term care facilities. One Health approaches that focus on collaborative efforts between human and animal health professionals will contribute significantly to zoonotic infectious disease management and can generate innovative solutions to these complex problems. 
A.2 Search Terms and Date Ranges
Utilizing the databases listed in A.1, text word searches for article titles and abstracts were conducted using the search terms: pets, zoonoses, public health, and outbreaks. Combinations of these primary keywords were combined with: Canada, United States, United Kingdom, Australia, North America, canine, feline, rabbits, birds, reptiles, hedgehogs, ferret, aquatic, ornamental, incidence, and common. Additionally, existing research and reports from leading organizations, including the Center for Disease Control, the World Health Organization, International Society of Feline Medicine Congress, and the Canadian Veterinary Journal, were accessed to identify relevant data and research.
Reference lists of the articles included in this review were manually searched. Articles citing other relevant studies are included in our bibliography.
An environmental scan of federal and provincial policies on household pets was conducted through a manual search of the websites of all provinces and territories, using combinations of the terms "pets, policy, guidance, protocol, best practice." Representatives from some jurisdictions were contacted by email and search results were verified. Several Canadian experts and authors were consulted on pet-related zoonoses in Canada. Subjects discussed included: current trends, emerging issues, gaps identified, research, outbreaks in Canada, and legislation. We held face-to-face meetings with the following list of health professionals:
• Dr. Scott Weese, Department of Veterinary Medicine, University of Guelph; • The Public Health Agency of Canada, Centre for Food-borne, Environmental and Zoonotic Infectious Diseases;
• Dr. Malcolm Weir, University of Guelph, who has conducted research on zoonoses associated with ornamental fish. Dr. Weir provided references cited on ornamental fish; • Dr. Grant Maxie, Director of the Animal Health Lab, Guelph, Ontario on laboratory surveillance of animals; • The Canadian Food Inspection Agency on policies related to the recall of pet food in Canada.
B.3 Inclusion Criteria
All papers, identified by the search, were initially screened for relevance using the title and/or abstract. Literature was restricted to only those written in English language. In addition to Canada, the United States of America, the United Kingdom, France, and Australia engage similar public health systems and standards so were included.
B.4 Exclusion Criteria
Groups that included petting zoo, zoo animals, and food production animals are not addressed here, to provide higher focus to the groups included. Rabies was not discussed in any detail in this document. Rabies is an important notifiable disease that remains an important global issue and deserves to be addressed exclusively in a future document. Human infections are rare, now that this disease is no longer endemic in North America; however, rabies continues to infect many animals around the world; millions of people requiring post exposure treatment and thousands more killed.
B.4 Literature Organization / Storage
Management of the bibliographic data, for the electronic literature obtained through the above methods, were entered into RefWorks, a web based bibliography (http://www.refworks.com/). Primarily species specific, but all strains considered potentially zoonotic; elderly, very young, immunocompromised at higher risk.
Appendix C
Giardia spp. 
